In this study, we research ground-dwelling arthropods along four road stretches, which represent the main verge habitats (arid grassland, agricultural area, forest, and wetland) of Hungary. Besides the faunistic investigation of arthropod communities, we described and compared dominance relation and species composition. We identified 83 carabids, 81 spiders, and 4 isopod species. Seven beetle species and one spider species are included in the invertebrate Red List of Hungary. The registered species were dominant on main road verges bordering arid grassland and wetland. Main road verges proved to be a diverse habitat; hence, it is important to carry on more investigation.
Introduction
The establishment of road networks is one of the most prevalent ways of land usage these days with more and more studies focusing on the effect of roads on biodiversity [1] . Road ecology is a new discipline nowadays [2] . Researchers of roadside and highway verges provide several data about beetles [3, 4, 5, 6, 7, 8, 9] , spiders [3, 6, 7, 10] , and isopods [11, 12, 13, 14] . Trombulak and Frissell [15] examined the short-and long-term effects of roads on environment. The studies of Holderegger and Di Giulio [16] targeted the effects of barriers on mortality and gene replacement; also, Forman et al. [2] have closely investigated the flora and fauna of roadside verges. All of this referred literature shows that the effects of roads on wildlife are multiple, which can be positive or negative. The negative effects of roads on organisms are changing habitats, changing the environment's chemistry and physics, road kills, changing behaviour of animals, chemical pollution, acting as barrier and intensifying the dispersal of invasive and also exotic species [15, 7] . However, roadside verges function as ecological corridors, serve as suitable habitat sources and conditions for organisms [17, 18, 19, 20, 21, 22, 7] . All of these potential effects are dependent on the complex interactions between species infrastructure and landscape [23, 24] .
Owing to the ecological and biological features of beetles [25, 26] , spiders [27] , and woodlice [28, 29] , they are excellent biological indicators. They can be also called hitchhiker insects as their spreading along roads has widely influenced the traffic. In addition to traffic, the quality of the habitat, the interactions between populations and the structure of the landscape also affect the spreading of arthropods and the composition of the communities [30, 31, 32, 33] .
The main objective of this paper is to report on the spider, isopod, and ground beetle fauna of main road verges situated beside different habitat types that represent the main verge habitats of Hungary. Besides faunistic research, the effects of the different vegetation of main road verges on wildlife should also be investigated.
Material and methods
Along the Hungarian main roads, four sampling sites were selected, representing the main types of verge habitats. The first sampling area, Pilisjászfalú (Budapest-Esztergom, Pest County), was along Road No 10 and consisted of arid grassland with some small bushes shown in Fig. 1 . The second sampling area, Mány (Budapest-Győr, Fejér County), was situated along Road No 1 between two roads in agricultural areas, in the lowlands and the hilly landscape of Hungary, shown in Fig. 2 . The third sampling area, Herceghalom (Budapest-Győr, Pest County), was located along Road No1 between the road and the forest, shown in Fig. 3 . The fourth sampling area, Agárd (Budapest-Székesfehérvár, Fejér County), was along Road No 7, crossing a wetland area in the western section of Lake Velence, shown in Fig. 4 . Arthropods were sampled using 15-15 pitfall traps on each site and the distance between the traps was 5 m. The 60 pitfall traps used in the study were transparent plastic cups filled with a 65% aqueous solution of ethylene glycol as a preservative fluid [34] . The traps were in the fields for three weeks, placed four times a year in different seasons (early spring, spring, summer, and autumn). The characterizations of the ground-dwelling arthropod communities were based on species richness and abundance. For the analysis of the data, we used the PAST Paleontological Statistic suite. We counted Shannon-Wiener (H) diversity for an accurate characterization of the examined isopod communities. We studied the species' preference for habitat using correspondence analysis.
Results and discussion
The sampling resulted 7,563 ground-dwelling arthropods from 168 species along main road verges. In total, 1,139 beetles from 83 species, 2,212 spiders from 81 species, and 4,212 isopods form 4 species were collected as shown in Table 1 . Seven beetle species (Carabus convexus, Carabus coriaceus, Carabus germarii, Carabus granulatus, Carabus scheidleri, and Carabus violaceus) and one spider species (Nemesia pannonica) are included in the invertebrate Red List of Hungary [35] . The total Shannon-Wiener diversity was relatively high (2.69). On each verge, the Shannon-Wiener diversity of spiders was the highest (3.58), followed by beetles (3.32) and isopods (0.36).
In this study, beetles was the richest group of species. With regard to the size of beetles, the species can be grouped into small-sized species and medium-sized species [36] . Based on food reference, the omnivoreous or phytophagous and spermophagous species (Amara and Harpalus genus) were dominant [37] . According to wing development, the macropterous and dimorphous or polimorphous species (Amara and Harpalus genus) [36] were frequent. The majority of the species are common in Hungary, except the seven protected beetle species, among which C. cancellatus (42 individuals) was the dominant, followed by the C. coriaceus (36 individuals) . Brachinus explodens (167 individuals) was recorded with the highest abundance, followed by Harpalus tardus (130 individuals) and Bembidion properans (100 individuals). H. tardus in arid grassland and the other two mentioned species in wetland were predominant. The sporadic Pterostichus elongatus benefits from wet sodic habitats [38, 39] and flies towards light [40] . P. incommodus is not a common species either [41] , but its lifestyle is less known, except that it lives in open forests and wooded steppe [36] . In the Netherlands,Vermeulen [4] collected several rare carabid beetles on roadside verges. This and our results indicate that roadsides have a potential conservation value. In the case of beetles, wetland verges were prominent as they were found to dispose of the highest species richness and abundance as shown in fig-s 5, 6 , and 7.
Lycosidae and Gnaphosidae of spider families were dominant. The highest species richness was observed in arid grassland verges and the abundance of spiders in the wetland verges was the highest as shown in fig-s Only the arid grassland provides suitable habitats for the one registered protected species: Nemesia pannonica, which is one of the most valuable (10 000 HUF) nature conservation spider species in Hungary. The single Hungarian representative of the Nemesiidae family is submediterranean-distributed. Last year, a growing number of occurrences of this species were registered, such as in Pilis [42] , East Mezőföld [43] , and Mátra [44] . The presence of this species with special needs confirms that main road verges occasionally expand the area of nature reserves [4] . Web spiders (Agelenidae and Araneidae family) mainly selected the verges' borders with forests and meadows, which provide suitable conditions for spiders to make web. Crab spiders, generally waiting to prey on colourful flowers, were found near grasslands.
These findings demonstrate the importance of mowing for floral diversity [45, 46] . Each of the four registered ant-specialist species (Zodarion rubidum, Zodarion germanicum, Asagena phalerata, and Thanatus arenarius) was identified on arid grasslands as well and the A. phalerata stands out from among the others with its high abundance and incidence rate. Just few individuals of the rare Drassodes cupreus, Coelotes terrestris, and the previously mentioned ant specialist Z. rubidum were observed, and they did not show any habitat preference. The ant-specialist species show that ant as pioneer species are highly abundant on main road verges. In this study, isopods proved to be the most poorly represented group of species. The highest abundance of species was found on the forested verges, but we also found the lowest species richness there as shown in fig-s 5 and 6 .The ordination statistics demonstrates well that woodlice species prefer the wetland to other regions as shown in Fig. 7 . C Each of the four registered isopod species are habitat generalists -they are able to successfully adapt to most continental habitats, whether natural or not. In all of the four investigated sites, Armadillidium vulgare of the isopod species was the most prevalent, followed by Porcellium collicola. Both of these species were present with a high abundance in forested and agricultural verges. The typical indicator of anthropogenic impacts, the cosmopolitan A. vulgare, can be found in most habitats except for protected hardwood forests [47] . P. collicola is one of the most frequent species in Hungary -found especially in parks and gardens, it can also be detected in most continental landscapes, excepting densely populated urban areas and protected hardwood forests [47] . Few individuals of Trachelipus rathkii and Porcelliodides pruinosus occurred in only two types of main road verges. T. rathkii is a common species in Hungary [48] : it can be observed near synanthropic environments, moderately humid habitats, and river valleys [49, 50] . P. pruinosus is a cosmopolitan, widely spread species in Europe [51] and it can be found in synanthropic habitats indicating active human influence [52] . We expected the presence of exotic species because during our previous studies carried out along highways [13, 14] we have experienced that highway verges contribute to the creation of new habitats for several alien species. The explanation for this might be that highway networks are very different from lower-level roads [53, 54] and the number of sampling sites on main roads was different from the case of the highways.
Conclusions
Our study has clearly demonstrated that main road verges prove to be suitable habitats and provide necessary conditions for several carabid beetle and spider species, but isopods do not benefit from this landscape type. Roadside verges are frequently connected with natural reserves and urban habitats, allowing the spreading of species between them. These verges function as invasion pathways for arthropod species, but are also refuges for protected and endangered species in agriculturedominated landscapes in Hungary. The different surrounding vegetation of the examined main road stretches substantially affects the diversity and the spreading of ground-dwelling arthropods. The observed high diversity of arthropods reflects that the main road verges are important in terms of species richness.
